Protein kinase A (PKA) and other signaling molecules are spatially restricted within neurons by A-kinase anchoring proteins (AKAPs). Although studies on compartmentalized PKA signaling have focused on postsynaptic mechanisms, presynaptically anchored PKA may contribute to synaptic plasticity and memory because PKA also regulates presynaptic transmitter release. Here, we examine this issue using genetic and pharmacological application of Ht31, a PKA anchoring disrupting peptide. At the hippocampal Schaffer collateral CA3-CA1 synapse, Ht31 treatment elicits a rapid decay of synaptic responses to repetitive stimuli, indicating a fast depletion of the readily releasable pool of synaptic vesicles. The interaction between PKA and proteins involved in producing this pool of synaptic vesicles is supported by biochemical assays showing that synaptic vesicle protein 2 (SV2), Rim1, and SNAP25 are components of a complex that interacts with cAMP. Moreover, acute treatment with Ht31 reduces the levels of SV2. Finally, experiments with transgenic mouse lines, which express Ht31 in excitatory neurons at the Schaffer collateral CA3-CA1 synapse, highlight a requirement for presynaptically anchored PKA in pathway-specific synaptic tagging and long-term contextual fear memory. These results suggest that a presynaptically compartmentalized PKA is critical for synaptic plasticity and memory by regulating the readily releasable pool of synaptic vesicles.
Introduction
Diffusible PKA signaling molecules are spatially restricted at synaptic loci by A-kinase anchoring proteins (AKAPs), which allow input-specific synaptic plasticity, such as synaptic tagging (Huang, McDonough, & Abel, 2006; Sanderson & Dell'Acqua, 2011) . Synaptic tagging is a pathway-specific form of hippocampal long-term potentiation (LTP) in which short-lasting LTP following weak stimulation in one pathway is stabilized into long-lasting LTP by subsequent strong stimulation in a separate pathway (Frey & Morris, 1997 , 1998 . Because of the pathway-specific interaction between two independent sets of synapses, synaptic tagging has been studied as a physiological model for memory that requires the integration of independent, but related, information (Clopath, 2012; Redondo & Morris, 2011) . However, it is not clear how compartmentalized PKA signaling contributes to synaptic tagging and memory.
A major question in understanding the physiological role of PKA anchoring is whether spatially restricted PKA exerts its action presynaptically or postsynaptically. Studies of compartmentalized PKA signaling have largely focused on AKAP signaling complexes. For example, AKAP150 (AKAP5) and Gravin (AKAP12) postsynaptically coordinate AMPA receptor trafficking or b-adrenergic receptor signaling to mediated synaptic plasticity and memory (Havekes et al., 2012; Robertson, Gibson, Benke, & Dell'Acqua, 2009; Sanderson et al., 2012; Zhang et al., 2013) . However, the genetic disruption of PKA binding to AKAP150 does not cause deficits in hippocampus-dependent spatial memory (Weisenhaus et al., 2010) , and postsynaptic blockade of PKA anchoring is insufficient to impair certain forms of LTP and spatial memory (Nie, McDonough, Huang, Nguyen, & Abel, 2007) . These findings suggest a presynaptic role for compartmentalized PKA signaling in synaptic plasticity and memory, but how presynaptically anchored PKA is involved in these processes is unknown.
At the presynaptic terminal, activation of cAMP-PKA signaling enhances synaptic vesicle release by increasing the size of the readily releasable pool (Moulder et al., 2008; Trudeau, Emery, & Haydon, 1996) . PKA substrates such as Rim1 and SNAP25 are involved in this process, and deletion of Rim1 impairs memory (Jahn & Fasshauer, 2012; Powell et al., 2004) . Although it is not a direct PKA substrate, synaptic vesicle protein 2 (SV2) is postulated
